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Introduction {#anie201916002-sec-0001}
============

There has been intense interest in the development of new porous materials for the selective capture and separation of important gases such as carbon dioxide.[1](#anie201916002-bib-0001){ref-type="ref"} In this regard, crystalline materials with extended porous structures such as zeolites,[2](#anie201916002-bib-0002){ref-type="ref"} coordination polymers (CPs) or metal--organic frameworks (MOFs),[3](#anie201916002-bib-0003){ref-type="ref"}, [4](#anie201916002-bib-0004){ref-type="ref"} and covalent organic frameworks (COFs)[5](#anie201916002-bib-0005){ref-type="ref"} are being widely investigated. The tunable pore sizes and high surface areas of these classes of materials make them suitable for trapping various guests. Porous organic molecules such as porous organic cages (POCs)[6](#anie201916002-bib-0006){ref-type="ref"} and porous macrocyclic molecules[7](#anie201916002-bib-0007){ref-type="ref"} have also been the subject of significant research during the past decade. Yet, it is usually difficult to prepare POC‐based materials with high surface areas, and high degrees of gas sorption.[8](#anie201916002-bib-0008){ref-type="ref"} At the same time, the unique properties and easy availability of some POCs render them attractive in various fields including gas sorption and separation.[9](#anie201916002-bib-0009){ref-type="ref"} One such example is cucurbit\[6\]uril (CB6; see Scheme [1](#anie201916002-fig-5001){ref-type="fig"}), which features a barrel‐shaped rigid porous structure with only two windows and has been employed in various applications from gas capture to catalysis.[10](#anie201916002-bib-0010){ref-type="ref"} However, the application scope of the CB6 cage is limited by its poor solubility, strong intermolecular interactions, high affinity towards metal ions, and low surface area.[11](#anie201916002-bib-0011){ref-type="ref"} It is highly desirable to obtain POC‐based hybrid materials with high porosity and stability by facile approaches, without sacrificing the inherent properties of the POCs.[12](#anie201916002-bib-0012){ref-type="ref"}

![The host‐in‐host concept for creating functional hybrid materials by the incorporation of CB6 into Cr‐based MIL‐101. Schematic views of a) the porous CB6 molecule; b) the mesoporous cage with hexagonal windows in MIL‐101; c) CB6 in the larger cage of MIL‐101; d) CB6 being selectively doped into the larger cages in MIL‐101 while leaving the smaller cages empty. Hexagonal windows in pink. Hydrogen atoms are omitted for clarity.](ANIE-59-6068-g004){#anie201916002-fig-5001}

Traditional strategies to obtain solid porous‐organic‐molecule‐based porous materials can be briefly summarized: 1) Frameworks based on supramolecular bonds or coordination bonds (Figure [1](#anie201916002-fig-0001){ref-type="fig"} a);[8d](#anie201916002-bib-0008d){ref-type="ref"}, [9a](#anie201916002-bib-0009a){ref-type="ref"}, [9c](#anie201916002-bib-0009c){ref-type="ref"}, [9d](#anie201916002-bib-0009d){ref-type="ref"}, [13](#anie201916002-bib-0013){ref-type="ref"} 2) POCs covalently anchored in porous networks to provide active domains (Figure [1](#anie201916002-fig-0001){ref-type="fig"} b);[14](#anie201916002-bib-0014){ref-type="ref"} and 3) POCs dispersed as a porous additive in organic polymers (Figure [1](#anie201916002-fig-0001){ref-type="fig"} c).[15](#anie201916002-bib-0015){ref-type="ref"} Although the assembly of POC units directed by metal ions or supramolecular interactions (Figure [1](#anie201916002-fig-0001){ref-type="fig"} a) is suitable for most POCs to give microporous frameworks, the disadvantages of these materials for practical applications are their low stability, macroscopic size, low surface areas, and polymorph issues.[16](#anie201916002-bib-0016){ref-type="ref"} While the covalent anchoring approach is highly programmable (Figure [1](#anie201916002-fig-0001){ref-type="fig"} b), it requires that the molecules can be readily modified for the required bond formation as elegantly demonstrated by Coskun, Kim, and others.[14](#anie201916002-bib-0014){ref-type="ref"} POCs/polymers can also be obtained by physical doping for gas sorption and separation as shown by Cooper and others.[15](#anie201916002-bib-0015){ref-type="ref"} Herein, we demonstrate for the first time that a POC can be confined in the pores of a host framework such as a MOF (Figure [1](#anie201916002-fig-0001){ref-type="fig"} d), and that the inherent properties of both POC and MOF can be combined in the resulting doubly porous hybrid material.

![Strategies to generate porous materials containing porous organic molecules as a) neat frameworks, b) covalently anchored docking sites in a network, and c, d) functional guest molecules embedded in a polymer and a MOF, respectively.](ANIE-59-6068-g001){#anie201916002-fig-0001}

The highly ordered lattice and tunable pore sizes of MOFs have been used to accommodate polyoxometalates,[17](#anie201916002-bib-0017){ref-type="ref"} metal complexes,[18](#anie201916002-bib-0018){ref-type="ref"} metal--organic polyhedra,[19](#anie201916002-bib-0019){ref-type="ref"} metal nanoparticles,[20](#anie201916002-bib-0020){ref-type="ref"} and ionic liquids[21](#anie201916002-bib-0021){ref-type="ref"} as functional guests. These MOF‐based host--guest composites have been obtained by various methods including incipient‐wetness impregnation.[22](#anie201916002-bib-0022){ref-type="ref"} However, to the best of our knowledge, there is no report on fabricating functional porous hybrids by encapsulating a POC in the pores of a MOF. We demonstrate here that POC\@MOF is a new "host‐in‐host" system with enhanced performance in CO~2~ adsorption and CO~2~/N~2~, CO~2~/CH~4~ separation up to 1 bar, a proof of principle for the impetus to develop further POC\@MOF materials.

Results and Discussion {#anie201916002-sec-0002}
======================

As a proof of concept, we used CB6 as the model POC and MIL‐101 as the host framework. CB6 has a rigid porous structure with hydrophobic cavities and an outer diameter of 1.44 nm and a height of 0.9 nm (Scheme [1](#anie201916002-fig-5001){ref-type="fig"} a),[11a](#anie201916002-bib-0011a){ref-type="ref"} and a high affinity for molecules, such as dihalogens, CO~2~, and acetylene through host--guest interactions or hydrogen bonding.[9e](#anie201916002-bib-0009e){ref-type="ref"}, [11c](#anie201916002-bib-0011c){ref-type="ref"}, [23](#anie201916002-bib-0023){ref-type="ref"} MIL‐101, a robust MOF created by the Férey group, contains two kinds of mesopores with cage diameters of 2.9 nm and 3.4 nm.[18](#anie201916002-bib-0018){ref-type="ref"} The smaller cage has pentagonal windows with an aperture of approximately 1.2 nm, while the larger cage possesses both pentagonal and hexagonal windows with an opening of 1.5 nm (Scheme [1](#anie201916002-fig-5001){ref-type="fig"} b). As the molecular size (1.44 nm) of CB6 is smaller than the hexagonal window size (1.5 nm), and the inner surface of MIL‐101 is more hydrophilic than the outer surface,[19](#anie201916002-bib-0019){ref-type="ref"} CB6 molecules could be readily encapsulated in the larger pores of MIL‐101 by incipient‐wetness impregnation (Scheme [1](#anie201916002-fig-5001){ref-type="fig"} c). The proper molecular size is, of course, important for the guest impregnation. Cucurbit\[8\]uril (CB8), with an outer diameter of 1.75 nm and a height of 0.9 nm, proved to be difficult to be encapsulated in MIL‐101 by the wet impregnation method (see the Supporting Information for details).

Generally, CB6 was first fully dissolved in hydrochloric acid (37 wt %) solution before being added slowly to the degassed MOF at room temperature. After stirring for enough time to reach diffusion equilibrium, the obtained materials were washed successively with an excess amount of HCl (37 wt %) solution, deionized water, and ethanol (see the Supporting Information for details). Once CB6 has been encapsulated into the MOF pore, the leaching of CB6 could be hindered by the magnitude of the C−H⋅⋅⋅π and π⋅⋅⋅π interactions between CB6 and the terephthalic linkers of MIL‐101.[11d](#anie201916002-bib-0011d){ref-type="ref"} The obtained POC\@MOF materials are denoted as CB6\@MIL‐101‐W (W=19, 29, or 36), where W represents the weight percentage of encapsulated CB6 in the material based on postsynthetic elemental analysis and ^1^H NMR spectroscopy of digested samples.

The powder X‐ray diffraction (PXRD) patterns of CB6\@MIL‐101 composites were similar to those of MIL‐101 (Figure [2](#anie201916002-fig-0002){ref-type="fig"} a),[17](#anie201916002-bib-0017){ref-type="ref"} indicating the preserved crystalline framework during the encapsulation process. Moreover, the intensity of the peaks at around 6° was gradually reduced with increasing CB6 loading, which was attributed to the filling of the MIL‐101 pores with CB6. This phenomenon was also observed in previous publications, where the pores of MIL‐101 were filled with drugs or polyamines.[24](#anie201916002-bib-0024){ref-type="ref"}

![a) PXRD patterns and b) solid‐state ^13^C NMR spectra of the materials. c) N~2~ adsorption isotherms at 77 K (see the Supporting Information for desorption isotherms) and d) pore size distributions of MIL‐101 and CB6\@MIL‐101‐W (W=19, 29, 36) based on nonlocal density functional theory (NLDFT) calculations.](ANIE-59-6068-g002){#anie201916002-fig-0002}

The successful encapsulation of CB6 in MIL‐101 was supported by Fourier transform infrared (FT‐IR) spectroscopy and NMR spectroscopy. The IR spectra of all composites display the characteristic vibration bands of both CB6 and MIL‐101 (see the Supporting Information, Figure S2). The relative intensities of the IR bands of CB6 increased upon increasing the amount of CB6 in the composites. The ^13^C solid‐state NMR spectrum of CB6 shows three peaks (Figure [2](#anie201916002-fig-0002){ref-type="fig"} b) at *δ*=155.05, 70.42, and 52.42 ppm, which were attributed to the C=O, CH, and CH~2~ groups in CB6.[25](#anie201916002-bib-0025){ref-type="ref"} In contrast, solid MIL‐101 shows no obvious NMR signals because of the paramagnetic Cr centers.[19](#anie201916002-bib-0019){ref-type="ref"} As expected, CB6\@MIL‐101‐36 also shows the characteristic peaks of CB6. The intensities of the resonances are lower than those of neat CB6 because of the dilution of CB6 in the POC\@MOF hybrid. Based on the solution ^1^H NMR spectra of digested CB6\@MIL‐101 hybrids (Figures S3--S5), the molar ratio of terephthalic linker to CB6 was matched with the results based on elemental analysis for each sample (Table S1).

Scanning electron microscopy (SEM) analyses of CB6 and CB6\@MIL‐101 composites showed that the hybrids retained similar particle shapes and sizes (0.5--2 μm) as MIL‐101, which are much smaller than that of CB6 crystallites (ca. 100 μm; Figure S6). To investigate if crystallites of CB6 had formed in a mixture with MIL‐101 crystallites or if CB6 molecules had adsorbed only on the outer surface of MIL‐101 in the composites, leaching experiments were conducted in CsCl/D~2~O solution (Figure S7).[26](#anie201916002-bib-0026){ref-type="ref"} The CB6\@MIL‐101 composites did not show any significant loss of CB6, while CB6 bulk crystals underwent ready dissolution. This further supports the effective encapsulation of CB6 into the pores of MIL‐101.

To investigate the thermal stabilities of the composites, PXRD patterns were collected for each sample at elevated temperature in air. The results suggest that these composites are stable up to 300 °C, which is in accordance with the thermogravimetric analysis (TGA; Figures S8--S11).

The porosities of CB6, MIL‐101, and all composites were investigated by recording nitrogen sorption isotherms at 77 K, showing the expected type I b isotherms for the MIL‐101 materials due to their wider micropores and narrow mesopores (Figures [2](#anie201916002-fig-0002){ref-type="fig"} c, S12, and S13).[27](#anie201916002-bib-0027){ref-type="ref"} The Brunauer--Emmett--Teller (BET) surface areas of CB6, MIL‐101, and CB6\@MIL‐101‐W (W=19, 29, 36) were found to be 185, 3219, 2655, 2117, and 1651 m^2^ g^−1^, respectively (Table S2). Compared with pure MIL‐101, the surface areas and pore volumes of the composites gradually decreased because of the occupation of the mesopores of MIL‐101 with increasing numbers of CB6 molecules (Table S2). Remarkably, CB6\@MIL‐101‐36 still retained a BET surface area of 1651 m^2^ g^−1^ with a total pore volume of approximately 0.76 cm^3^ g^−1^ (at *P/P* ~0~=0.9), positioning CB6\@MIL‐101‐36 among macrocycle‐based materials with the highest porosity ever reported.[9a](#anie201916002-bib-0009a){ref-type="ref"} The pore size distribution (PSD) of the composites changed with respect to MIL‐101. Comparatively more distinct micropores (6 Å) appeared in these hierarchical hybrids and the mesopore volume was lost, which indicated the successful encapsulation of CB6 (Figure [2](#anie201916002-fig-0002){ref-type="fig"} d). The intrinsic pores of CB6 and the newly formed extrinsic pores between CB6 and the pore walls of MIL‐101 should facilitate selective gas sorption and separation processes (Scheme [1](#anie201916002-fig-5001){ref-type="fig"} d).

To demonstrate that the host‐in‐host or POC\@MOF approach can merge the merits of POCs and MOFs, we investigated the CO~2~ and N~2~ sorption of CB6, MIL‐101, and CB6\@MIL‐101‐W (W=19, 29, 36) composites up to 1 bar at 293 K (Figure S14). As porous CB6 molecules with high affinity for CO~2~ are encapsulated into the pores of MIL‐101, these hybrids should show enhanced CO~2~ capture and separation performance.[11c](#anie201916002-bib-0011c){ref-type="ref"}, [22](#anie201916002-bib-0022){ref-type="ref"} Indeed, CB6\@MIL‐101‐W (W=19, 29, 36) exhibited much higher CO~2~ uptake capacities of 68.5, 84.4, and 79.2 cm^3^ g^−1^, respectively, than MIL‐101 and CB6 (44.3 and 36.7 cm^3^ g^−1^, respectively) at 1 bar (Figure [3](#anie201916002-fig-0003){ref-type="fig"} a). Notably, the CO~2~ adsorption isotherm curves of all hybrids are steeper at low relative pressures than those of CB6 and MIL‐101, indicating the higher affinity of these hybrids for CO~2~. At the same time, the higher CO~2~ uptake demonstrates the CO~2~ accessibility of the intrinsic pores of CB6 and the mesopores and extrinsic micropores of CB6\@MIL‐101 (see Scheme [1](#anie201916002-fig-5001){ref-type="fig"} d) at ambient conditions. Thereby, the CO~2~ sorption studies rule out simple pore blocking by CB6 incorporation into the pore mouths only in MIL‐101.

![a) CO~2~ and N~2~ sorption isotherms of CB6, MIL‐101, and composites measured up to 1 bar at 293 K. b) CO~2~ sorption isotherms of MIL‐101 and composites measured up to 1 bar at 195 K. c) Isosteric heats of adsorption (*Q* ~st~) of CO~2~ for the materials. d) CO~2~/N~2~ selectivity of the materials measured by the IAST technique for a 15:85 (molar ratio) gas mixture of CO~2~/N~2~ at 293 K.](ANIE-59-6068-g003){#anie201916002-fig-0003}

To further confirm this hypothesis, CO~2~ adsorption isotherms of MIL‐101 and the hybrids were obtained at 195 and 273 K (Figure [3](#anie201916002-fig-0003){ref-type="fig"} b and Figure S15). The saturated CO~2~ uptake capacities of these hybrids at 195 K and 1 bar are lower than that of MIL‐101 because of their decreased pore volume (Figure [3](#anie201916002-fig-0003){ref-type="fig"} b and Table S2). However, all composites show significantly higher uptake at relatively low pressure up to 115 torr (Figure S16), which is the crucial pressure range for potential applications such as post‐combustion CO~2~ capture. The high affinity for CO~2~ is further reflected by the isosteric heat of adsorption (*Q* ~st~). The *Q* ~st~ values of CO~2~ on CB6, MIL‐101, and composites were estimated from the CO~2~ adsorption data at 273 and 293 K (Figures [3](#anie201916002-fig-0003){ref-type="fig"} c, S15, and S17--S21). The *Q* ~st~ ^0^ values were calculated to be 33.2 and 43.9 kJ mol^−1^ for CB6 and MIL‐101, respectively, due to the intrinsic pores of CB6 and the coordination of CO~2~ onto the Lewis acidic chromium sites in activated MIL‐101.[11c](#anie201916002-bib-0011c){ref-type="ref"}, [28](#anie201916002-bib-0028){ref-type="ref"} The hybrid materials have relatively high *Q* ~st~ ^0^ values (above 37 kJ mol^−1^) because of the strong interactions between CO~2~ and porous CB6 or Cr^3+^ sites in the composites. The lower *Q* ~st~ ^0^ value of the CO~2~ adsorption on CB6\@MIL‐101 in comparison to pure MIL‐101 might be caused by the "sheltering effect", which makes some coordinative unsaturated sites (CUSs) unavailable to CO~2~. Nevertheless, this is compensated for by CB6 offering more affinity sites and micropores for CO~2~, which led to the enhanced uptake up to 1 bar at 293 K. The CO~2~ uptake capacity of these composites is comparable or even higher than that of some amine/polyamine‐modified MIL‐101 materials (Table S4).[29](#anie201916002-bib-0029){ref-type="ref"} The strong sorption of CO~2~ in CB6\@MIL‐101 was also confirmed in an FT‐IR spectroscopic study. The IR spectrum of CB6\@MIL‐101‐36 taken after exposure to CO~2~ at 856 torr shows a CO~2~ band at around 2338 cm^−1^ at room temperature, which indicates the interactions between CB6 and CO~2~ (Figure S22).[11c](#anie201916002-bib-0011c){ref-type="ref"} In contrast, the N~2~ uptake of all hybrids only increased slightly when the amount of doped CB6 in MIL‐101 was gradually increased (Figure [3](#anie201916002-fig-0003){ref-type="fig"} a).

To simulate flue gas conditions, we calculated the CO~2~/N~2~ selectivities for CB6, MIL‐101, and CB6\@MIL‐101‐W (W=19, 29, 36) from the N~2~ and CO~2~ adsorption isotherms using ideal adsorbed solution theory (IAST) for a CO~2~/N~2~ mixture (15:85) at 293 K (Figure [3](#anie201916002-fig-0003){ref-type="fig"} d and Figure S23). For post‐combustion CO~2~ capture, porous sorbents should have both high CO~2~ uptake capacities (in the low *P*/*P* ~0~ region) and high CO~2~/N~2~ selectivity. The IAST values for MIL‐101, CB6, and CB6\@MIL‐101‐W (W=19, 29, 36) were determined to be 19, 70, 31, 58, and 108 at 293 K, respectively. The encapsulation of CB6 into MIL‐101 allowed us to introduce CO~2~ selectively because of the intrinsic micropores of CB6 and the retained micropores of MIL‐101, while losing some of the uptake capacity of the non‐selective mesopores of MIL‐101. Thus, the combined properties of CB6 and MIL‐101 showed a CO~2~/N~2~ selectivity increase from 31 to 108, upon loading CB6 into MIL‐101. We believe that the hydrogen bonding and local dipole/quadrupole interactions between CB6 and CO~2~ also play a role in the selectivity increase.[11c](#anie201916002-bib-0011c){ref-type="ref"} Furthermore, a high concentration of CB6 in MIL‐101 is critical to achieving high CO~2~/N~2~ selectivity. With an increase in the loading amount from 29 to 36 wt %, the selectivity increased to 58 and 108, respectively. A similar "cage effect" for enhancing CO~2~ uptake and separation was also found in porous organic cage based nanoporous polymers by Coskun and co‐workers.[14a](#anie201916002-bib-0014a){ref-type="ref"}

Encouraged by the enhanced CO~2~ uptake and CO~2~/N~2~ selectivity based on IAST predictions, we simulated breakthrough curves with a gas mixture of N~2~/CO~2~/He (42.5:7.5:50 v/v/v) at 293 K based on the DSLAI‐fitted isotherm data of CB6, MIL‐101, and composites, respectively (see the Supporting Information for details). The simulated breakthrough plot in Figure S24 shows an immediate rise in the N~2~ concentrations at the outlet, indicating the comparably small N~2~ sorption capacity of these porous materials under the chosen conditions. In contrast, CO~2~ could be retained for about 3 min g^−1^ in CB6 and 4 min g^−1^ in MIL‐101, which were close to the experimental breakthrough values (3.32 min g^−1^ and 3.35 min g^−1^) reported separately for CB6 and MIL‐101.[30](#anie201916002-bib-0030){ref-type="ref"} For CB6\@MIL‐101‐36 the simulation gave an increased retention time of CO~2~ of about 10 min g^−1^, which is due to its higher uptake capacity and superior CO~2~/N~2~ selectivity with respect to the individual components under the given conditions. We note, however, that breakthrough experiments would still be part of a non‐continuous separation process where the packed column would have to be regenerated by a pressure swing or another procedure. Instead, continuous membrane processes would be advantageous for the envisioned CO~2~/CH~4~ separation. Hence, we fabricated CB6‐, MIL‐101‐, and CB6\@MIL‐101‐36‐based mixed matrix membranes (MMMs) to demonstrate the superiority of the composite MMM in CO~2~/CH~4~ separation.

The CH~4~ sorption and CO~2~/CH~4~ selectivity investigation of CB6, MIL‐101, and CB6\@MIL‐101‐W (W=19, 29, 36; Figure S25 and Table S2) indicated a slightly enhanced CH~4~ sorption for the composite compared with CB6 and MIL‐101. This can be traced back to the enhanced composite affinity towards CH~4~ based on the Q~st~ ^0^ values of 18.1, 19.6, 24.2, 25.6, and 26.3 kJ mol^−1^ for MIL‐101, CB6, and CB6\@MIL‐101‐W (W=19, 29, 36), respectively (Figure S25 b). Nevertheless, the composites still exhibited an increased CO~2~/CH~4~ selectivity for a CO~2~/CH~4~ mixture (2:98) at 1.0 bar over the individual components. The IAST selectivities for CB6, MIL‐101, and CB6\@MIL‐101‐W (W=19, 29, 36) were found to be 12.7, 17, 20, 27, and 29 at 293 K and 1.0 bar (Figure S25 d). To further confirm this superiority of the CB6\@MIL‐101 composites, we fabricated MMMs[15](#anie201916002-bib-0015){ref-type="ref"} of 16 wt % CB6, MIL‐101, and CB6\@MIL‐101‐36 in Matrimid as the polymer matrix (Figure S34). The membranes were tested for their mixed‐gas separation properties in a binary mixture of CO~2~/CH~4~ (50:50 v/v) at 25 °C and 3 bar transmembrane pressure. Additionally, all MMMs were characterized by SEM imaging and SEM‐EDX mapping to confirm the homogeneous distribution of the filler particles in the polymer matrix (Figures S35 and S36).

The MMMs of CB6/Matrimid simultaneously displayed slightly reduced permeability but also slightly increased selectivity for CO~2~/CH~4~ compared to the neat polymer membrane (Figure S40 and Table S5). The reduction in permeability can be attributed to the almost non‐existent pore volume of CB6. Hence, CB6 alone can be considered a nonporous filler with high CO~2~ affinity, which leads to the increased selectivity.[31](#anie201916002-bib-0031){ref-type="ref"} MIL‐101/Matrimid MMMs showed the expected enhanced CO~2~ (from 7 Barrer to 16 Barrer) and CH~4~ (from 0.2 Barrer to 0.4 Barrer) permeability but no increase in selectivity. The distinct enhancement in permeability can be assigned to the high pore volume of MIL‐101. However, the large pores of MIL‐101 and mediocre affinity to CO~2~ over CH~4~ prevent a favorable adsorption of CO~2~ and thus an increase in selectivity. For CB6\@MIL‐101‐36/Matrimid MMMs, an enhancement of the CO~2~ permeability to 15 Barrer up from 7 Barrer for the neat polymer membrane was observed. Moreover, the CO~2~/CH~4~ selectivity improved from 39 to 46. The encapsulation of CB6 in MIL‐101 can therefore, as predicted in the IAST model, increase the affinity for CO~2~ and lead to a higher selectivity while only slightly reducing the permeability due to the smaller pore volume compared to pure MIL‐101 as a filler. Thus, by encapsulating porous CB6 cages in MIL‐101, the CO~2~ uptake and the CO~2~/N~2~ and CO~2~/CH~4~ selectivities of the hybrids can be enhanced.

α‐Cyclodextrin (α‐CD) was used as another porous organic cage for its comparatively smaller outer diameter (ca. 1.4 nm), which is smaller than the larger window (1.5 nm) of MIL‐101, and for its various properties including CO~2~ capture to form host/guest inclusion complexes.[32](#anie201916002-bib-0032){ref-type="ref"} α‐CD was quantitatively merged into the composite by the incipient‐wetness impregnation method thanks to its very good water solubility (see the Supporting Information for details). However, it should be noted that compared with cucurbit\[6\]uril, α‐CD has a much lower affinity towards CO~2~. This is the reason why a significant CO~2~ uptake or separation enhancement was not observed under the current experimental conditions (Tables S6 and S7). Still, these results with α‐CD indicate the importance of choosing the right porous organic cage in preparing a targeted POC\@MOF composite for a specific application.

Conclusion {#anie201916002-sec-0003}
==========

In summary, we have confined a porous organic cage into the nanocages of MIL‐101 by the incipient‐wetness impregnation method, obtaining the host‐in‐host adsorbent CB6\@MIL‐101, which showed enhanced performance in selective CO~2~ adsorption and separation at low pressures. We believe that the host‐in‐host concept can be extended to encapsulate a broad range of POCs into porous crystalline materials such as MOFs, either by in situ assembly of host MOFs or by post‐impregnation methods. This can lead to advanced porous materials, which could combine the merits (such as tailor‐made intrinsic pores for molecule capture and separation,[9b](#anie201916002-bib-0009b){ref-type="ref"}, [9c](#anie201916002-bib-0009c){ref-type="ref"} enzymatic catalysis,[33](#anie201916002-bib-0033){ref-type="ref"} confinement effects[34](#anie201916002-bib-0034){ref-type="ref"}) of porous organic molecules and the tunable, highly ordered architectures of functional MOFs.[3](#anie201916002-bib-0003){ref-type="ref"}
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